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started using ARM data with the purpose of validating and improving physics parameterizations 

in the NCAR AGCM. The approach used is called Initial Tendency Error Analysis (ITEA). In 

this dynamical approach, the climate model will be used in a weather forecast mode to see how 

quickly it drifts from the observed weather and detailed observations provided by the ARM 

program. By contrast, our approach to validating the parameterizations will be a statistical one 

and it will focus on clouds and radiation and use high-resolution climate modeling. We will 

collaborate with PCMDI since the overall goal of our project and PCMDI’s ITEA is the same; 

improving physics parameterization in NCAR AGCM. 

20 e. Approach 

Our approach to validating the GCM parameterizations will be a statistical one and it will focus 

on clouds and radiation. We will use high-resolution (T85 and T239) climate modeling. 

20 g. Future accomplishments 

We propose to fulfill our plan on schedule and within budget 

20 k. Deliverables 

(1) Form a cloud and radiation climatology for the ARM CART sites. The cloud statistics will 

consist of daily and monthly means of clouds at all levels in the vertical, cloud base height, 

cloud depth, and cloud liquid water. Daily and monthly means of shortwave and longwave 

fluxes at the surface and top of the atmosphere will be also formed. This climatology will be 

made available to the public so that GCM modelers can readily evaluate the cloud 

climatology of their models against ARM observations. 

(2) Evaluate the cloud statistics of NCAR’s Community Atmosphere Model (CAM) at resolution 

T85. Model deficiencies and biases will be identified. The causes for the deviation of the 

simulated results from ARM observations will be investigated. We will then modify the 

parameters in clouds and convection parameterization in CAM at T85 so that the model 

results are in better agreement with observations. The reason for choosing T85 is that the 

climate modeling community is starting to make the transition from T42 to T85. 

(3) Evaluate the cloud statistics of CAM at resolution T239. We propose to produce a well ’tuned’ 

T239 that will be a valuable tool to understand regional climate change. 
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Evaluation of Cloud Parameterizations in a High Resolution Atmospheric General 
Circulation Model using ARM data 

Abstract 

Typical state of the art atmospheric general circulation models used in climate change 

studies have horizontal resolution of approximately 300 km. As computing power increases, 

many climate modeling groups are working toward enhancing the resolution of global models. An 

important issue that arises when resolution of a model is changed is whether cloud and convective 

parameterizations, which were developed for use at coarser resolutions, will need to be 

reformulated or re-tuned. We propose to investigate this issue and specifically cloud statistics 

using ARM data. The data streams produced by highly instrumented sections of Cloud and 

Radiation Testbeds (CART) of ARM program will provide a significant aid in the evaluation of 

cloud and convection parameterization in high-resolution models. 

Recently, we have performed multiyear global-climate simulations at T170 and T239 

resolutions, corresponding to grid cell sizes of 0.7' and 0.5' respectively, using the NCAR 

Community Climate Model. We have also a performed climate change simulation at T170. On 

the scales of a T42 grid cell (300 km) and larger, nearly all quantities we examined in T170 

simulation agree better with observations in terms of spatial patterns than do results in a 

comparable simulation at T42. Increasing the resolution to T239 brings significant further 

improvement. 

At T239, the high-resolution model grid cells approach the dimensions of the highly 

instrumented sections of ARM Cloud and Radiation Testbed (CART) sites. We propose to form a 

cloud climatology using ARM data for its CART sites and evaluate cloud statistics of the NCAR 

Community Atmosphere Model (CAM) at higher resolutions over those sites using this ARM 

cloud climatology. We will then modify the physical parameterizations of CAM for better 

agreement with ARM data. We will work closely with NCAR in modifying the parameters in 

cloud and convection parameterizations for the high-resolution model. Our proposal to evaluate 

the cloud parameterization at high resolution has high relevance for the mission of ARM (to 

improve the treatment of clouds and radiation in the models) because the high-resolution model 

grid cells approach the dimensions of the highly instrumented sections of ARM CART sites. 
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Evaluation of Cloud Parameterizations in a High Resolution Atmospheric General 
Circulation Model using ARM data 

1. Background 

1.1 Advantages of high resolution climate modeling 

Typical state of the art Atmospheric General Circulation models used in climate change 

studies have approximately 300 km resolution in the horizontal. As computing power increases, 

many climate modeling groups are working toward the possibility of enhancing the resolution of 

global models. In principle, high resolution models have several advantages: 1) the dynamics is 

better resolved; 2) topography and the land sea mask are better resolved compared to their coarse 

resolution counterparts; 3) more physical processes can be explicitly represented, reducing 

dependence on semi-empirical parameterizations; 4) with a high resolution model, regional 

spatial scale details are simulated and hence prediction of regional climate change becomes more 

credible; 5 )  because high resolution models simulate a wider spectrum of spatial scales and their 

nonlinear interactions, in principle, even the larger scale features should be better simulated by 

them. This was found to be the case by Williamson (1999) and Duffy et al. (2002). Higher 

resolution global models have the added advantage over regional models that they avoid the 

numerical problems associated with lateral boundary conditions. They also avoid the scale 

separation issues that are faced by regional models driven by coarse resolution global models. 

In the past, many studies (e.g. Manabe et al,, 1970; Wellck et al., 1971; Rind, 1988; 

Tibaldi et al., 1990; Boville, 1991; Kiehl and Williamson, 1991; Boyle, 1993; Gleckler and 

Taylor, 1993; Sperber et al., 1994; Williamson et al., 1995; Phillips et al., 1995; Boer and Denis, 

1997; Williamson, 1999) have investigated the influence of horizontal resolution on the simulated 

climate. The broad conclusions are: 1) many climate statistics show a monotonic signal with 

increasing resolution, with the largest variation occurring from low (R15 or T21) to medium 
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resolution (T42 or T63). 2) The monotonic signal is often towards the atmospheric analyses, and 

in some cases, it continues beyond the highest simulation performed. 3) The highest resolution 

simulations are not the best by all measures. The lack of improvement at the finer resolutions may 

well be due to poor performance of parameterizations at these resolutions. Therefore, these 

studies indicate the need for careful evaluation of GCM parameterizations at fine resoultions. 

Recently, we have performed the first ever multiyear simulations of present day climate 

at T170 and T239 resolutions corresponding to grid cell sizes of 0.7' and 0.5' respectively, using 

the NCAR Community Climate Model (Duffy et al., 2002; Govindasamy et al., 2002). On the 

scales of a T42 grid cell and larger, nearly all quantities we examined in the T170 simulations 

agree better with observations in terms of spatial patterns than a comparable simulation at T42. In 

some cases, the improvements were substantial. Significant further improvement occurs when the 

resolution is increased from T170 to T239. We also performed climate change calculations at 

T170. Here, regional climate change features were substantially different at T 170 from a 

comparable simulation at T42 . 

1.2 Resolution dependence of parameterization 

An important issue that arises when resolution of a model is changed is whether 

parameterizations of clouds, convection, radiation, planetary boundary layer, which were 

developed for use at coarser resolutions, will need to be reformulated or re-tuned. Consider the 

impact of unresolved eddies (which are parameterized as diffusion) on the large scale motion. As 

the resolution becomes finer, the size of the largest unresolved eddies decreases. The eddy 

viscosity coefficient should be chosen such that the simulated energy spectrum of atmosphere is 

unaffected by the resolution change. 

As a simple example, consider the decrease in time step when the resolution is increased. 

Unless we change the convective time scale in the parameterization of convection, the partition 

between large scale and convective precipitation will change because the large-scale stable rain 

makes a complete thermodynamic adjustment in a single time step. As an alternate example, 
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consider the minimum relative humidity for cloud formation. From the current coarse resolution 

(- 300 km) to the limit of cloud scale resolution (- 10 km), the threshold relative humidity should 

increase from approximately 80% to 100% for physical consistency. Also, the minimum vertical 

velocity for cloud formation should increase with resolution as the aspect ratio of the grid boxes 

increases with increases in horizontal resolution. Total column convective cloud amount is not 

allowed to exceed 80 % at T42 in the NCAR CCM3. As the resolution of the model is increased, 

this maximum convective cloud amount should be increased and it should be 100 % when the 

grid size approaches the convective cloud scale (- 10 km). 

The resolution dependence of cloud properties for the NCAR community model was 

examined by Kiehl and Williamson (1991) for a range of resolutions from R15 to T106. They 

found a systematic decrease in simulated cloud amount with increasing resolution; they argue that 

this effect is a result of increased subsidence at finer resolutions; this results in advective drying, 

and thus less cloud. The increased subsidence in turn results from increased upward mass flux in 

the equatorial region. They argue that since the reduction in cloud amount at finer resolutions 

results from advective drying, any cloud parameterization (or at least any one in which less 

moisture results in less cloud) will produce the same effect. With the ECMWF (cycle 33) model, 

Phillips et al. (1995) found that moist processes (convection, cloudiness, and precipitation) have 

strong dependence on horizontal resolution. 

In cloud and convection parameterization schemes used in the NCAR atmospheric 

general circulation model, there are many complex parameters like convective time scale, CAPE 

(Convective Available Potential Energy) consumption rate, minimum large scale velocity for 

cloud formation, minimum static stability, relative humidity threshold for cloud formation, 

maximum convective cloud amount, auto conversion rate for cloud liquid water to rain water, 

entrainment and detrainment rates of water vapor in and out of clouds, cloud liquid water at the 

base of the clouds, profile of liquid water content inside the clouds, effective cloud and ice 

particle radius, etc. These parameters are "tuned" in most models for a horizontal resolution of 
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approximately 300 km so that the global mean and large scale features simulated by the model are 

close to observations. 

1.3 Validation of Climate Models using ARM Data 

A tuning approach based on the global averages and large-scale patterns has been used 

by GCM modelers (Williamson et al., 1995) because any other approach would be prohibitively 

expensive. However, this approach is not entirely satisfactory if GCMs are to be used for 

predicting regional climate change. An inexpensive method to evaluate GCM parameterization is 

to test the physics schemes outside the climate model. There are two approaches in this method, 

the semi-prognostic test and Single Column Modeling (SCM). In semi-prognostic approach 

(Lord, 1982; Kao and Ogura, 1987; and Grell et all., 1991), observations are used to prescribe the 

state of single GCM column and tendencies due to all processes except those associated with the 

parameterization to be tested. An SCM (Betts and Miller, 1986; Randall et al., 1996; Ghan et al., 

2000; Cederwall et al., 2000) normally consists of full column physics of a GCM and it tests the 

full suite of parameteriations. The advection tendency and the boundary condition for the column 

are provided by observations (e.g. ARM data). The model calculates the physics tendencies. After 

a short period of time, the SCM predictions are compared against observations. Although SCMs 

have been used for improving the cloud and radiation parameterization over a decade, their utility 

to improve the parameterizations for GCMs have been limited because SCMs lack the feed back 

between the physics and dynamics that is operative in a GCM; SCMs are overly constrained by 

the observations. The semi-prognostic approach also lacks the feedback between dynamics and 

physics. 

An alternate approach is to test the full GCM, not just a column, over a small region 

where high-density climate data is available. Although this approach is computationally 

expensive, it allows the feed back between dynamics and physics to operate in the model. Our 

experience with high-resolution modeling shows that today’s computing power does allow us to 

evaluate the physics parameterization inside the GCM. As discussed in the next section, the 
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Cloud and Radiation Testbed (CART) sites of the ARM program provide continuous data streams 

that could be used for this purpose. However, at coarse resolution (T42), only one gid cell of a 

GCM would cover the heavily instrumented ARM CART site. Evaluation of climate statistics 

over a single grid cell poses severe limitations for improving a climate model. On the other hand, 

the high-resolution model grid cells approach the dimensions of the highly instrumented sections 

of ARM CART sites. For instance, the CART site in Southern Great Plains (SGP) consists of in 

situ and remote-sensing instrument clusters arrayed across approximately 55,000 square miles or 

140,800 square kilometers. Approximately 25 grid cells of T170 and 50 grid cells of T239 can be 

fitted over this region. Climate statistics computed and validated over multiple grid cells can 

provide valuable insight into the parameterizations in a GCM. A novel approach would be to 

compare cloud and radiation statistics over this region as simulated by the model against ARM 

observations and then modify convection and cloud parameters of GCM for better agreement 

with observations. 

1.4 The ARM program and Clouds 

This project would focus on cloud statistics because cloud feed backs are one of the most 

important, but also one of the least understood in climate change studies. Clouds affect the 

radiation budget of the planet by absorbing, scattering and emitting radiation. In an 

intercomparison of 14 atmospheric general circulation models, Cess et al. (1989) found that most 

of the variation in global climate sensitivity (the equilibrium surface temperature change to a 

doubling of atmospheric concentration of COZ) is attributable to differences in model’s depictions 

of cloud-climate feedbacks. They emphasis the need for improvements in the treatment of clouds 

in climate models if they are to be used as climate predictors. 

In 1989, therefore, DOE created the ARM program to improve the treatment of radiation 

and clouds in climate models, particularly the general circulation models used to predict future 

climate. The ARM program is an experimental testbed to gather data for the study of terrestrial 

radiation, properties of clouds, and life cycle of clouds. The ARM program has established and 
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operates field research sites, called Cloud and Radiation Testbeds (CARTS), to study the effects 

of clouds on global climate change. ARM has CART sites at three primary locations- Southern 

Great Plains (SGP), Tropical Western Pacific (TWP), and North Slope of Alaska (NSA) - 

identified as the range of climate conditions that should be studied. Each CART site is heavily 

instrumented to gather massive amounts of data. 

As discussed above, ARM data has been mostly used to evaluate parameterization of 

clouds and radiation within SCM framework (Randall et al., 1996; Ghan et al., 2000; Cederwall 

et al., 2000). Recently, the Program for Climate Model Diagnosis and Intercomparison (PCMDI) 

at LLNL has started using ARM data for the purpose of validating and improving physics 

parameterizations in the NCAR AGCM. The approach used is called Initial Tendency Error 

Analysis (ITEA). In this dynamical approach, the climate model will be used in a weather 

forecast mode to see how quickly it drifts from the observed weather and detailed observations 

provided by the ARM program. By contrast, our approach to validating the parameterizations will 

be a statistical one and it will focus on clouds and radiation and use high-resolution climate 

modeling. We will collaborate with PCMDI, since the overall goal of our project and PCMDI’s 

ITEA is the same: improving physics parameterization in NCAR AGCM. 

2. Preliminary Studies - Our experience with High-Resolution Modeling 

In the past 18 months, a series of climate simulations has been performed at LLNL using 

several high-resolution configurations of the NCAR CCM3 atmospheric climate model. Since the 

results of these simulations have not yet been published in the peer-reviewed literature, we 

provide here a brief description of the simulations and results. 

All simulations were performed with the version 3.10.11 “366 physics” of the NCAR 

Community Climate Model (CCM). All simulations were forced with prescribed sea-surface 

temperatures (SSTs) and sea ice concentrations. Five extended high-resolution climate 

simulations have been performed so far: 
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1. A 12-year simulation of present climate at T170 truncation (512x256 grid cells). This was 

forced with observed climatological monthly-mean SSTs and sea ice concentrations. 

2. A 12-year simulation of effects of increased greenhouse gases at T170 truncation 

(Govindasamy et al., 2002). This was forced with SSTs obtained from a transient climate 

simulation with the NCAR CSM coupled model. From the coupled model results we 

calculated an SST perturbation by subtracting SSTs from the decade 1991-2000 from SSTs 

from the decade 2091-2100. The model was forced with SSTs obtained by adding this SST 

perturbation to climatological observed SSTs. 

3. An AMIP simulation at T239 truncation (720x360 grid cells). This is forced with monthly- 

mean SSTs observed during 1979-1985. This is the highest-resolution global climate 

simulation ever undertaken. 6 simulated years have been completed so far. 

4. The above simulations were performed without re-"tuning" the model for high resolution (Le. 

with a model tuned for T42). In collaboration with J.J. Hack at NCAR, we performed a first- 

order re-tuning of the model physics at T 170 truncation. We changed parameters related to 

clouds, such as relative humidity threshold for mid- and high-level cloud formation, cloud 

base liquid water, vertical profile of cloud liquid water. The untuned T170 model simulated 

excessive precipitation and outgoing longwave radiation. Therefore, we reduced the drag 

coefficient for evaporation over ocean (to correct global mean precipitation) and relative 

humidity threshold for mid- and high-level cloud formation (to increase the high level cloud 

fraction and reduce the outgoing longwave radiation). We recently completed a second 

simulation of the present climate at T170 with the re-tuned model. This partial retuning 

process very effectively removed biases (errors in mean quantities) seen in the untuned 

model. There was also some significant improvement in the spatial pattern of many simulated 

fields due to the retuning. 

5. The parameter changes for tuning T170 were also adapted for T239 for eliminating the bias in 

precipitation and energy budgets at the surface and top of the atmosphere. We have 
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performed 2 years of "tuned" T239 simulations using climatological SST and sea ice 

concentrations. (Results have not yet been completely analyzed, so some T239 results shown 

here are from the un-tuned T239 model) 

In addition to these climate-length simulations, we have performed shorter simulations ( 1 month) 

at T340 truncation. 

The results from our high-resolution climate modeling work are discussed in Appendix. 

3. Proposed Work 

3.1 Summary Description of Proposed Work 

The major goals of the proposed work are (1) to use cloud and radiation statistics 

obtained from the ARM program to evaluate an atmospheric general circulation model at high- 

resolution; (2) to improve cloud statistics as simulated by the climate model by modifying the 

cloud and convection parameterizations in the model. Since the size of grid cells of high- 

resolution approach the highly instrumented sections of CART sites of ARM program, 

comparison of cloud statistics becomes more meaningful with high-resolution models. 

We plan to use three resolutions, T42, T85 and T239, for this study. T42 is the standard 

configuration (grid size of - 300 km) currently used by climate modeling community. T42 will be 

the control resolution for our experiments. Cloud statistics as simulated by T42 will be compared 

against ARM observations and the deficiencies will be identified. The reason for choosing T85 is 

that the climate modeling community is starting to make the transition from T42 to T85. Our 

project will assist this transition by evaluating the physics parameterizations in the T85 model 

using ARM data. Looking farther into the future of global and regional climate modeling, we also 

plan to evaluate the cloud statistics of T239 and improve its performance using ARM data. At 

T239 (0.5' in latitude and longitude resolution), the global model resolution approaches the 

typical resolution of regional and Numerical Weather Prediction (NWP) models and the 

dimensions of the highly instrumented sections of CART sites of ARM. A well "tuned" model of 
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such high resolution will be a valuable tool for the climate modeling community to understand 

regional climate change. 

We propose to undertake this research in three stages. In the first stage, we will collect 

the observational date related to clouds and radiation produced by the ARM program. 

Conventional meteorological products such as temperature, specific humidity, zonal and 

meridional winds, omega, and time tendencies for temperature and water vapor are available at 3- 

hr intervals for SGP site from ARM data infrastructure team at LLNL,. In addition, many physics 

quantities such as precipitation, sensible and latent heat fluxes, precipitable water, cloud fraction, 

cloud liquid water, surface temperature, column radiative and latent heating, radiative fluxes at 

the top of the atmosphere and surface, etc. are also available at the same time interval. We will 

collect these data and form daily and monthly mean climatologies for cloud and radiation 

quantities. The cloud statistics obtained from our existing T42 simulations will be compared 

against this observed climatology. The deficiency of the current model resolution in simulation of 

cloud statistics of the ARM sites will be identified. 

In the second stage, we will run CAM at T85, and compare the cloud statistics produced 

by the model to ARM observations. We will specifically look at daily and monthly mean 

cloudiness (total, low-, mid-, and high-level), cloud base height, cloud depth, and shortwave and 

longwave radiation fluxes at the surface and top of the atmosphere. Cloud Occurrence frequency, 

persistence of cloudiness and covariance between cloudiness and radiative fluxes will be also 

analyzed for the model and compared against ARM observations. Model deficiencies and biases 

will be identified. The causes for the deviation of the simulated results from ARM observations 

will be investigated. This investigation will be carried out in addition to our conventional global 

and large-scale analysis. 

We will then modify, with help from NCAR, the parameters related to clouds. The 

diagnosis of cloud fraction in NCAR AGCM represents a generalization of the scheme introduced 

by Slingo (1987) and cloud optical properties are accounted for using the Slingo (1989) 
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parameterization for liquid water droplet clouds. The targeted parameters in our study are 

convective time scale, maximum convective cloud fraction, relative humidity threshold for cloud 

formation, minimum vertical velocity for low-level cloud formation, cloud base cloud liquid 

water, vertical cloud liquid water profile, and effective cloud drop and ice crystal radius. These 

parameters will be tuned so that the model results are in better agreement with observations. 

In the third stage, we will build on the experience gained at T85 and investigate the cloud 

and radiation statistics of T239 at the ARM sites and compare against ARM datasets. At T239, 

the dimensions of grid cells of the model approaches the dimensions of the instrumented sections 

of the CART sites. Therefore, comparison of model simulated cloud statistics against ARM data 

becomes more meaningful and will yield valuable information regarding the ability of GCM to 

predict regional scale details. After the evaluation, we propose to modify the parameters in cloud 

and convection parameterizations for better agreement with ARM data. 

3.2 Year-by-year description of tasks 

Year 1 

Task 1.1: Cloud statistics and radiation measurements from ARM data for the CART sites will be 

collected. Meteorological and radiation measurements are available at 3-hr intervals from ARM 

infrastructure team at LLNL. We will specifically obtain cloud fractions in the vertical, cloud 

base height, cloud depth and cloud liquid water. Short and longwave radiative fluxes at the top of 

the atmosphere and at the surface also will be collected. Derived cloudiness information is 

available from Milli-Meter Cloud Radar (MMCR). The cloud fraction data will be subjected to 

random overlap algorithm to obtain total, low-level (surface to 700 mb), mid- (700 mb to 400 

mb), and high- level (400 mb to 100 mb) cloudiness information. Alternatively, we will also use 

the cloudiness data of GOES which is also provided by the ARM data infrastructure team at 

LLNL. From the ARM dataset, we will form daily and monthly mean climatologies of the 
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meteorological and radiation quantities for the columns. We will also obtain the gridded surface 

quantities which will be important for high-resolution model evaluation. 

Task 1.2: We will compare the cloud statistics of our existing T42 (the coarse resolution model) 

simulations at the CART sites against the cloud climatology obtained from ARM data. The 

deficiency in the model cloud simulation at T42 will be identified. 

Task 1.3: We will prepare CAM for higher resolutions (T85 and T239) using our past experience 

with CCM3 at high-resolutions. By the time the project starts, we will most probably have 

experience in running CAM at T170 using SciDAC funding. Since we are interested in cloud 

statistics for the present day conditions, we will force the model with climatological SST and sea 

ice concentrations. We will prepare the appropriate initial and boundary conditions for high- 

resolutions. 

Task 1.4: Make the daily and monthly mean climatologies of cloud and radiation measurements 

for the ARM program CART sites publically available. 

Year 2 

Task 2.1: We will run T85 for a few years before collecting the statistics because the land model 

needs to be spun up. After the initial spin up period, we will store daily and monthly means of 

cloudiness at all levels of the model, and total, low-level, mid- and high-level cloudiness. For the 

estimation of cloud Occurrence frequency and persistance, we will store the cloudiness data at 

high frequency (3hr interval). We will also store conventional meteorological variables and 

radiation quantities from model simulation of present day climate. 

Task 2.2: The model simulated 3 hourly, daily and monthly mean meteorological variables such 

as temperature, specific humidity, zonal and meridional winds, omega, precipitable water, 

cloudiness, cloud liquid water content, will be interpolated to levels of ARM data (every 25 mb). 

Task 2.3: We will compare daily and monthly mean total cloudiness, cloud base height, and 

cloud depth simulated by the model against ARM observations for the ARM CART sites. We 

will also compare simulated low-, mid-, and high-level cloudiness and shortwave and longwave 
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fluxes against the observations. We will perform cloud distribution (temporal) analysis, cloud 

auto-correlation analysis, and covariance analysis between cloudiness and radiation fields for 

ARM sites using the high frequency data (3 hourly). Cloud distribution or frequency analysis and 

cloud auto-correlation analysis will reveal the cloud occurrence frequency and persistence 

respectively. The correlation between radiative fluxes will be investigated for cloud-radiation 

feedbacks. We will investigate the reasons for the departure of the simulated cloud and radiation 

fields from observations by diagnosing the circulation simulated by the model at the ARM site. 

For instance, we will address the biases (like cold/warm and dry/wet) in the model simulation. 

This investigation will be performed in addition to our conventional global and large-scale 

analysis. 

Task 2.4: In the past, we have tuned the cloud parameters in CCM3 at high resolution, with help 

from NCAR, to minimize the biases in global means and large-scale pattern errors in cloud and 

radiation fields. The parameters tuned were related to the minimum relative humidity for high 

level cloud formation, and evaluation of cloud liquid water content. For this project, we will 

collaborate with NCAR scientists to tune other parameters related to clouds and convection such 

as maximum convective cloud amount, convective time scale, critical vertical motion for cloud 

formation, relative humidity threshold for cloud formation, cloud base liquid water content, 

vertical profile of cloud liquid water, effective cloud drop size, effective ice particle radius, 

entrainment and detrainment rates, conversion rate of liquid water to rain water, CAPE 

consumption rate, etc. This modification of parameters will be investigated for T85. Caution will 

be exercised such that modification of parameters does not adversely affect the global mean and 

large scale features of the simulated climate. 

Year 3 

Task 3.1: Analyze and publish results of Tasks 2.3 and 2.4. 

Task 3.2: Based on the experience gained in year 2, repeat the tasks 2.1, 2.2, 2.3, and 2.4 for 

T239. At T239 resolution, the main limiting factor will be the demand for computer resources. 

Bala Govindasamy (Lawrence Livermore National Laboratory) 04/ 16/02 14 



PROPOSAL FOR LAB 02-07: EVALUATION OF CLOUD PARAMETERIZATION 

CAM could be more efficient than CCM3, and computers should be faster than today as we enter 

into the third year of the project. Since our intention is to perform the T239 simulation for only a 

few years of model time, we anticipate that cost of computing resources will not be a major 

hurdle to the progress. Our comparison of T239 results to ARM data will provide valuable insight 

into the parameterization of clouds and Radiation in the AGCM because the grid cells at this 

resolution are quite comparable to the sections of the CART sites of ARM program. 

Task 3.3: Analyze and publish results of Task 3.2. 

3.3 The Roles of Project Participants 

B. Govindasamv and P. Duffv (LLNL) have recently performed decade-long global climate 

simulations using the CCM3 atmospheric model at resolutions as fine as 50 km (T239 

truncation). They have also completed shorter simulations at T340. These are the highest 

resolution global climate simulations to date. Their role in this project will be to 

. collect the required data to perform cloud statistics from ARM program; 

perform all required simulations; 

take the lead in analyzing results; 

“tune” the CAM model at high resolution (in collaboration with NCAR). = 

J.J. Hack (NCAR) is the head of climate modeling section at NCAR. In this project, he will act in 

a primarily advisory capacity. He will 

advise LLNL on how to increase the resolution of CAM; 

help with “tuning” of CAM at high resolution; 

help with comparison of simulated cloud statistics to observations (ARM data). 

R. Cederwall (LLNL) is a recognized expert on climate-related ARM data products. He is the 

ARM data infrastructure team leader at LLNL. In this project, he will act in a primarily advisory 

capacity. He will provide help in obtaining ARM data sets to form the cloud statistics. 
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Appendix: High Resolution Atmospheric Climate Simulations Performed at LLNL 

Although analysis of our TI70 and T239 simulations is still in progress, the results appear very 

promising. Below we present some preliminary conclusions about global and annual-mean 

quantities, “quick-look” diagnostics, and regional detail in our high-resolution simulations of 

present climate. We also briefly discuss results of our T 170 climate-change simulation. 

Global- and annual mean quantities: Quantities relevant to the planetary radiation balance (Table 

Al )  are within observational uncertainties, except for the net IR flux at the top of the atmosphere 

in the untuned (i.e. tuned for T42) T239 simulation. In the untuned TI70 simulation and in the 

T239 simulation (also untuned) the radiation budget is out of balance in the sense that at the top 

of the atmosphere the outgoing IR flux exceeds the incoming solar flux. This results primarily 

from a deficit of mid- and high-level clouds in these simulations. This problem was eliminated by 

re-tuning the TI70 and T239 models. Higher resolution models also produce excessive 

evaporation. Re-tuning also eliminates excessive evaporation and precipitation in the TI70 and 

T239 models. 

Table AI: Global- and annual-mean quantities pertaining to the planetary radiation balance. 

Before tuning, the TI70 and T239 models are “out of balance” in that at the top of the atmosphere 

there is 6.5 W/m2 more outgoing (IR) than incoming (solar) energy. It is eliminated by re-tuning. 
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Quantity 

Cloud Fraction 
Total 

Quantities pertaining to clouds and precipitation (Table A2) show a slight decrease in cloudiness 

and increase in total precipitation with increasing resolution. This increase in precipitation is the 

result of large increases in large-scale precipitation, and smaller decreases in convective 

precipitation. Changes of this type are the expected result of increasing resolution, since this 

results in more moist physics being explicitly calculated, and fewer being represented via 

parameterizations. Mid-level and high-level cloudiness decreases with increases in resolution and 

our re-tuning reduces this bias. Kiehl and Williamson (1991) argue that this effect is a result of 

increased subsidence at finer resolutions in non-convective regions. Increased subsidence is due 

to vigorous vertical motions in the tropical regions at higher resolutions 

Observed 

.57+/-.05 

Large-Scale 
PreciD 
Convective - 
Precip 
Table A2: Global- and annu 

T42 I TI70 I TI70 
x i + r - t r  untuned tuned 

0.293 
0.178 0.247 
0.360 0.3509 

0.840 

2.61 I 2.393 I 2.29 
I I 

l-mean quantities related to clouds 

T239 I T239 I 
untuned tuned +I 
0.172 0.238 

3.328 3.128 

2-27 I 2.128 I 
a md precipitation. As resolution 

increases, the large-scale (resolved) component of precipitation increases and the convective 

(unresolved) component decreases. 

Quick-look diagnostics: In Figures AI and A2 we show results of two approaches to comparing 

the un-tuned TI70 model results, the T42 model results, and observations. In both cases the TI70 

results were first interpolated to T42 grid; thus only the coarse-scale features of the T170 results 

are being evaluated. In both comparisons, the TI70 model results are, in almost every aspect, 

closer to observations than the T42 model results are. Similarly, all but one examined quantity is 
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simulated more realistically (in terms of spatial pattern) at T239 than T42 (Figure A3). This is 

true even though the results are from the un-tuned (i.e. tuned for T42) model. Tuning has little 

effect on the pattern errors but it helps to reduce the biases in mean quantities (Table 1). 

Regional detail: Our high-resolution simulations produce beautifully detailed results. Evaluating 

the realism of this fine-scale detail is challenging, however, because the model resolution is finer 

than that of most observational data sets. In preliminary evaluations, much of the fine-scale detail 

in our results agrees well with available high-resolution observational data sets. Figure A4 shows 

an example. 

Climate change simulation at T170: This simulation was performed by forcing the high- 

resolution atmospheric model with a data set of SSTs and sea ice concentrations based on a 

climate change simulation performed with a coarse-resolution coupled climate model (CSM). 

Thus, in this simulation we essentially “downscaled” the climate predicted by CSM to finer 

resolution (i.e., the climate, as represented by SSTs, is predicted by CSM). For this reason, the 

global mean temperature change (2100 - 2000) in this T170 simulation is very close to that in an 

otherwise identical simulation performed at T42. Nonetheless, there are large regions where 

predicted temperature changes are very different at T170 vs. T42. Figure A5 shows an example. 

Although we do not automatically assume that the T170 results are more nearly correct, this does 

cast doubt on the credibility of predictions of regional climate change performed at coarse 

resolution. 

Preliminary conclusions: The physics parameterizations in the CCM3 model seem robust to large 

increases in resolution. Large increases in resolution introduce some biases into the model’s 

present-climate results. The biases can be largely removed by re-tuning the model. The spatial 

patterns of nearly all of the analyzed climate fields are on the whole closer to observations at 
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T170 than at coarse resolution. This is true even without re-tuning the model physics; re-tuning 

removed most of these biases and improved the spatial pattern even further. Further improvement 

occurs when resolution is increased from T170 to T239. Thus, we find nothing to suggest that 

CCM3’s physics parameterizations are fundamentally unsuited to high resolution. The regional 

detail in our high-resolution simulations of present climate on the whole seems to agree well with 

observations. In our T170 climate-change simulation, global-mean climate change results are 

very similar to those in comparable T42 simulations, but regional climate change results can be 

very different. 
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Figure Al:  "Taylor diagram" comparing results of un-tuned T170 model, T42 model, and 
observations. For this comparison, the T170 results are first interpolated to the T42 grid. Thus, 
this comparison evaluates only coarse-scale features in the T170 results. The radial coordinate is 
the spatial standard deviation of the model results, normalized by the standard deviation of 
observations. The angular coordinate is the correlation between the patterns of model results and 
observations. A perfect model would be represented by radial and angular coordinate values of 
(1,l). Each arrow represents model results for one climatic quantity. The tail of the arrow shows 
the performance of the model at T42; the head represents the results of the T170 model. For 18 
quantities, the T170 results are closer to observations than the T42 results (blue arrows). For 1 
quantity (red arrow) the T42 results are better. Thus, even in the untuned T170 model, large-scale 
results are much more realistic at T170 than T42. 
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Figm A 4  WiMartime pmcipitatian over the USA in the T42 model, un-tuned T170 model, T239 
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Predicted DJF Temperature Change, 21 00 - 2000 
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and although global mean temperature changes are similar, in many regions in North America the 
TU0 model predicts more tempemure change than the T42 model dnes. 
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Budget Justification 

Al :  Bala Govindasamy, Principal Investigator, 7.8 months 

A2: Phil Duffy, Co-Investigator, 1.2 months 

C: Fringe Benefit - FY03 40%, FY04 4096, FY05 41% 

E: Travel - Domestic: 1 person, 2 trips of 1 week each to Washingtion DC and 2 trips of 3 
days each to Chicago, Illinois from Livermore, California to attend ARM Science Team 
meetings and subcommittee meetings. 

G1: Organizational Facility Charge (OFC): To distribute the operations and maintenance 
costs of individual facilities 

Drs. J. Hack, and R. Cederwall will act in a primarily advisory capacity. We are not requesting 
any funds to support them. 
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DESCRIPTION OF FACILITIES AND RESOURCES 

No major equipment will need to be purchasesd to complete the proposed work. Access 
to DOE (NERSC) computing resources will be very important to this project, and will be 
negotiated if the proposal is funded. 

We anticipate access to LLNL massively parallel institutional computing resources. 
Other computing resources involve desktop and laptop computers. 
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Lawrence Livermore National Laboratory 

April 15,2002 

Dear Bala, 

I am writing to confirm my intent to consult with you on your proposed ARM 
research project entitled 'Evaluation of Cloud Parameterizations in a High 
Resolution Atmospheric General Circulation Model Using ARM Data'. Your 
proposed work provides an important bridge between the climate model 
development efforts at NCAR and the ARM data. 

Good luck in the ARM proposal process. 

Sincerely, 

lbchard T. Cedenvall 
Co-Chair, ARM Cloud Parameterization and Modeling Working Group 

An Equal Oppodunity Employer University of California P 0 Box 808 Livermore, CA 94551-4900 Telephone (510) 422-1 100 Twx 910-386-8339 UCLLL L VMR 
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NATIONAL CENTER FOR ATMOSPHERIC RESEARCH 
P.O. Box 3000 Boulder, Colorado 80307-3000 

James Hack jhack@ncar.ucar.edu 
Telephone: (303) 497-1387 0 Fax: (303) 497-1324 

April 15,2002 

Dr. Bala Govindasamy, PI 
Research Scientist 
Atmospheric Science Division 
Lawrence Livermore National Laboratory 
Livermore, CA 94550 

Dear Bala: 

This letter is to confirm my intention to participate in an informal consulting capacity on 
your project to evaluate cloud parameterizations in a high-resolution global atmospheric 
general circulation model. 

Regards, 

James J. Hack 
Senior Scientist 
Head, Climate Modeling Section 
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